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To	the	commercial	space	industry:
Adaptable	lighting	systems	are	a	benefit	to	the	commercial
spaceflight	industry	servicing	human	spaceflight	agendas.	
Commercial	vendors	can	offer	their	passengers	innovative
lighting	solutions	that	anticipate	the	variety	of	task	lighting
needs.		Commercial	vendors	can	also	realize	savings	in	weight
and	power	usage	by	implementing	a	system	that	puts	the	light
exactly	where	it	needs	to	be	while	minimizing	wasted	energy.
To	the	nation:
This	innovation	benefits	our	nation	because	it	provides	an
opportunity	for	our	nation	to	demonstrate	innovation	in	the
lighting	sector.		This	technology,	realized	in	both	commercial
and	residential	applications,	allows	the	consumer	market	to	fully
utilize	the	advantages	of	solid	state	lighting	systems.
DETAILED	DESCRIPTION
One	of	the	risks	of	a	multi-system	approach	to	reaching	Mars,	is
the	cost	that	is	added	due	to	unique	designs	driven	by	the	use
cases	of	each	operational	platform.		The	risk	in	developing	a
lighting	solution	for	one	platform,	is	that	its	design	may	not	fully
address	the	variability	of	tasks	for	other	platforms,	and	due	to
vehicle	time	development	scale,	may	become	obsolete	by	the
time	the	last	vehicle	component	is	developed.			Because	of	the
rigorous	and	expensive	certification	process	for	electronic
hardware,	it	would	be	wise	to	develop	lighting	system
components	and	control	technologies	that	are	modular	and
adaptive	to	a	wide	range	of	internal	and	external	vehicle	tasks.	
The	introduction	of	the	concept	of	computer	based	modeling	of
light	sources	prior	to	fabrication	is	a	process	improvement	for
spacecraft	lighting	design	and	its	demonstration	can	show	cost
savings	potential	for	the	development	of	future	lighting	systems.	
This	project	will	use	the	lighting	and	optical	modeling	software,
Zemax	Optics	Studio	Premium,	to	build	a	model	of	an	LED
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array.		Zemax	is	a	forward	ray	tracer	that	can	model	light	source	beam	distribution,	light	source
spectral	wavelength,	and	material	reflectance/transmittance	properties.		It	can	predict	final	beam
distribution	based	on	the	designed	optical	system.		Each	LED	in	the	array	developed	will	represent
currently	manufactured	LEDs	intended	for	white	light	illumination.		The	light	output	of	the	LEDs	will
be	controlled	individually,	while	maintaining	the	same	total	flux	output.		The	goal	is	to	develop
beam	pattern	distributions,	from	the	same	source	that	represent	flood,	spot,	and	directional	lighting
while	consuming	approximately	the	same	power.	
The	deliverable	will	be	a	Zemax	computational	lighting	model	that	can	be	interpreted,	as	a	future
project,	into	an	end	item	specification	for	a	variable	beam	light	source.		The	computation	model	will
show	the	type	and	number	of	LEDs,	LED	spacing,	intensity	of	the	LEDs	used	to	generate	each
beam	pattern,	and	constraints	on	diffuser	optics.			In	addition	to	the	computational	model,
Illumination	Engineering	Society	(IES)	beam	pattern	files	for	each	beam	type	will	be	published.		
Beam	pattern	data	will	be	interpreted	for	potential	application	in	an	installation	as	it	relates	to
human	task	performance.
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U.S.	States	With	Work Lead	Center:
Johnson	Space	Center
PROJECT	LIBRARY
New	Technology	Reports
MSC-26042-1
U.S.	LOCATIONS	WORKING	ON	THIS	PROJECT
Other	Organizations	Performing	Work:
Lockheed	Martin	
Wyle	Laboratories,	Inc.	
Active	Project	(2015	-	2015)
Modeling	of	an	Adjustable	Beam	Solid	State	Light	Project
Center	Independent	Research	&	Developments:	JSC	IRAD	Program	|	Mission
Support	Directorate	(MSD)
For	more	information	visit	techport.nasa.gov
Some	NASA	technology	projects	are	smaller	(for	example	SBIR/STTR,	NIAC	and	Center
Innovation	Fund),	and	will	have	less	content	than	other,	larger	projects.	Newly	created	projects
may	not	yet	have	detailed	project	information. Printed	8/12/2015
Page	5
This	example	shows	the	light
distribution	on	a	5x5	meter	detector
located	1	meter	from	ceiling.	Each	lamp
is	one	meter	from	the	other.	Note	how
the	light	intensity	is	shifted.
This	example	shows	5	spot	lights
where	the	flux	is	coming	out	of	light
such	that	it	is	normal	to	the	floor.	The
lamps	are	each	1	meter	from	each
other	on	ceiling.	Center	is	brighter
because	of	overlap	of	light.
This	image	illustrates	some	of	the
capabilities	possible	with	optical
computational	analysis	software.	This
project	will	utilize	those	capabilities	to
explore	the	possiblity	of	a	variable
beam	solid	state	light	source.
This	image	represents	light	intensity	at
1	meter	from	the	light	source	on	a
hemispherical	surface.	It	demonstrates
an	application	in	flood	lighting.
This	image	represents	intensity
sampled	at	a	constant	radius	from	light
source,	with	flux	focused	at	center.	This
is	an	example	of	spot	lighting.
This	false	color	polar	detector	shows
light	flux	at	4	distinct	directions
intended	for	spot	lighting.
IMAGE	GALLERY
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This	hemispherical	intensity	map
shows	the	same	light	source	but
constant	intensity	at	wide	angles.	The
application	is	flood	lighting.
This	false	color	intensity	map	shows
flux	from	the	same	light	source	but	split
in	two	radial	directions.	It	demonstrates
the	ability	to	make	two	spotlights.
This	false	color	intensity	plot	of	a	polar
detector	shows	light	from	the	same
light	source	distributed	radially	across
the	hemisphere.	This	represents	a	light
configured	for	ambient	flood	lighting.
DETAILS	FOR	TECHNOLOGY	1
Technology	Title
Controllable	Variable	Beam	Shaping	of	Static	Solid	State	Lighting
Technology	Description
This	technology	is	categorized	as	a	hardware	subsystem	for	manned	spaceflight
Technology	that	uses	an	opto-electronic	and	automated	(intelligent)	means	to	dynamically	adjust
spacecraft	lighting	solution	(in	particular	beam	shape)	for	interior	and	exterior	lighting	address
changes	in	near,	far,	and	directional	lighting	and	address	need	for	modular	light	source	design.
Capabilities	Provided
Address	Human	Spaceflight	Architecture	(HAT)	Performance	target	needs:		TA	3.2,	4.5-7,	6.1-3,
11.2,	12.1.	
Potential	Applications
Rover	Lighting	
Spacecraft	EVA,	and	docking/berthing	lights.	
Spacecraft	cabin	and	cockpit	lighting.
Lander	external	habitat	lighting.
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Exploration	habitat	terrestrial	"street"	and	external	workzone	lighting.
Performance	Metrics
Metric Unit Quantity
Working	optical	computer	model	of	light	source ea 1
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